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A review of the flow and flow-related habitat requirements of 
Tasmanian native and introduced freshwater fish 
 
 
1. Introduction 
This review describes what is known about the flow-related habitat requirements of 
Tasmanian native fish, as they relate to movement and migration, spawning, rearing and 
feeding. Brown trout are also included in this review, due to their widespread distribution 
and frequent dominance of Tasmanian stream fish assemblages. 
 
The Tasmanian stream fish fauna is comprised of some 28 species, the majority of which 
are migratory (diadromous, mainly catadromous), requiring free movement within the 
stream drainage network and access either to an estuary, the coast or a lake. Population 
densities of most species decline upstream from the sea, with brown trout, eels and, 
occasionally Galaxias brevipinnis, being dominant in middle to upper elevation drainage 
reaches (Davies 1989). This is a pattern also observed elsewhere in south-eastern 
Australia and New Zealand (Gehrke and Harris 2000, McDowall and Taylor 2000, Joy 
and Death 2004). 
 
Despite the high level of activity in the area of environmental flow management, 
information on flow requirements for south east Australian freshwater fish species is 
remarkably limited. The pool of Australian information in this area is very small, and 
sources from New Zealand and occasionally overseas are drawn on. In addition, 
requirements for habitat and flow characteristics cannot be readily separated. This review 
therefore identifies key aspects of habitat requirements as they relate to flow, both 
directly and indirectly, but does not attempt a full description of each species’ ecological 
requirements. 
 
Habitat use by freshwater fish varies considerably between species. There are close 
relationships between the physical habitat used by fish and flow, both directly in terms of 
the relationship between the energetics of swimming and feeding and hydraulics, and 
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indirectly by determining the distribution and composition of stream substrate, food 
resources, cover etc. 
 
This review briefly describes general aspects of fish and flow relationships, and then 
identifies what is known about habitat and flow requirements of Tasmanian riverine 
freshwater fish species. The Gobies, predominantly brackish water or estuarine species, 
are not discussed. 
 
2. General issues 
Maintenance of viable river fish populations or assemblages can only be achieved by 
management of a range of aspects of the fluvial environment. While this includes flow, it 
must also include management of water quality, physical habitat, riparian zones, food 
production, connectivity and pest species. Key aspects of the flow regime of importance 
to Tasmanian riverine fish are: 
• Presence of sufficient baseflow to allow occupancy of habitat for rearing, cover 
and shelter, and to sustain food production; 
• Presence of sufficient flow during low flow periods to maintain refuges (e.g. in 
pools) and water quality; 
• Full connectivity of flow to allow passage of fish during various stages of a 
species’ life history; 
• High flow/flood events to trigger and complete migrations, spawning, dispersal 
and egg hatching events; 
• High flow/flood events to maintain stream substrate and channel form in line with 
habitat requirements; 
• Seasonal patterns of flow, linked to seasonal thermal and day length regimes, to 
allow full cueing and timing of key life history events. 
While there are other aspects of the flow regime, and its links to related instream 
ecological features and processes, including for example extreme low flows and droughts 
(e.g. Humphries and Baldwin 2003), these are not described further here. 
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Key flow-related impacts on Tasmanian fish communities are the regulation of flows and 
the presence of barriers. 
Flow regulation 
Flow regulation is considered to be detrimental to native fish communities and diversity 
in south-east Australian river (Gehrke et al. 1995, Humphries et al. 2002). Fish diversity 
in the Murray-Darling basin is strongly negatively correlated with the degree of flow 
regulation, Gehrke et al. (1995) describing a linear relationship between species diversity 
and an index of annual proportional flow change, and a trend toward increasing 
representation of alien species in highly regulated river reaches. These observations were 
consistent with the intermediate disturbance hypothesis (Connell 1978, Grossman et al. 
1982), in which low species diversity is observed in river environments with high 
stability or extreme variability in flows, while high diversity is observed at an 
intermediate frequency of disturbance or flow variability. 
 
Flow regulation can impact on post-spawning recruitment processes (larval survival etc) 
as much as on spawning itself (Humphries and Lake 2000). In Tasmania, flow regulation 
is likely to have its greatest impact on in-channel processes including recruitment, habitat 
availability and quality, rather than on floodplains which have been shown to be of less 
relevance to Australian fish species than originally though (Humphries et al. 1999). Flow 
regulation may also have negative impacts on estuarine fish populations and commercial 
and recreational fishery production dependent on estuaries (Loneragan and Bunn 1999). 
  
Impoundments and barriers 
The presence of barriers has a major influence on riverine fish assemblages, through the 
impacts on passage and connectivity, flow regimes, water quality, sediment transport and 
downstream channel integrity (Harris 1984, Gerhke et al. 1999, Gerhke and Harris 2001). 
Both larger hydroelectric dams and smaller structures (weirs, dams, sills etc) are believed 
to have a substantial impact on the distribution and viability of Tasmanian fish species. 
The flow and physical characteristics of these barriers need to be better understood. 
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4. Migratory Tasmanian freshwater fish species 
4.1 Galaxias maculatus 
G. maculatus is widespread throughout Tasmania, tending to be restricted to the lower 
end of river drainages (Fulton 1990). It is an open water species, often occurring in 
shoals, and frequenting both runs and pool habitats. It migrates from the sea as juveniles 
in spring and the majority spend 5 - 7 months in freshwater, before migrating downstream 
to spawn in the tidal zone of rivers on spring high tides in autumn (McDowall 1990). Few 
survive the first year’s spawning (McDowall 1968), with only a small proportion 
remaining resident instream and spawn in their second (or, rarely, third) year.  
 
Migratory requirements 
Adult G. maculatus migrates downstream in autumn for estuarine spawning (e.g. 
Charteris 2002). No flow cues for this movement are reported, but rising water levels are 
believed to be a trigger.  
 
Post-larval and juveniles migrate into river months and upstream in lower reaches during 
late winter-spring (August – November), with migrations commencing later (September-
October) in western Tasmania (Fulton and Pavuk 1988). Upstream movement of 
juveniles in the Plenty River was recorded during November to January by Sloane 
(1984). Migration peaks occur intermittently, and are known to follow flood peaks or 
peak during flood recession (Fulton and Pavuk 1988, McDowall and Eldon 1980, 
McDowall et al. 1994). 
 
Walker (1999) identified maximum sustained and burst swimming speeds for average 
adult G. maculatus, at 0.27 and 0.38 m/s, noting a degree of size dependence for both. 
Mitchell (1989) and Nikora et al. (2003) observed typical sustained swimming speeds of 
around 0.25 m/s, and maximum burst speeds of around 1 m/s. Near-bed water velocities 
should fall below these speeds to ensure migration over barriers. Both maximum burst 
and sustained swimming distances can be calculated from relationships with water 
velocity, and body length derived by Mitchell (1989), Walker (1999) and Nikora et al. 
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(2003). McDonald (2000) observed a statistically significant but not strong relationship 
between success at passage through culverts and body length for G. maculatus. Baker 
(2003) describes physical passage requirements for G. maculatus. 
 
Instream rearing habitat 
G. maculatus is known from a wide range of stream types in Tasmania, with populations 
concentrated in reaches at low elevations and within cA. 10-20 km from the tidal limit.  
 
Sagar (1993) and Jowett (2002) have described instream habitat use by adult G. 
maculatus in New Zealand rivers. Jowett (2002) observed adults feeding at locations 
where drift food was concentrated by flow, and where water velocities low enough to 
allow fish to hold position (see Walker 1999 for swimming speed data). Optimum 
feeding velocities and depths were 0.03 – 0.07 m/s and greater than 0.3 m respectively, 
with use of depths between 0.1 and 0.3 m noted (see Figure 1 below). Jowett (2002) 
recommends collection of habitat use and availability data over a range of stream types to 
define optimal habitat and suitability criteria for generalised application. His data for G. 
maculatus are available as a set of general habitat preference curves accompanying the 
RHYHAB hydraulic and habitat simulation package. 
 
Despite some differences being observed between streams in habitat preferences 
exhibited by G. maculatus (Figure 1), Jowett (2002) suggested that G. maculatus, being a 
diadromous fish species that spends only around seven months in a stream, is unlikely to 
develop stream-specific habitat preferences. He also suggested that the offshore marine 
life stage and probable inability to home to natal waters indicates that there would be 
extensive genetic mixing (supported by genetic studies, e.g. Fulton and Pavuk 1989, 
Waters et al. 2000) and that stream-specific habitat preferences are also unlikely for these 
reasons. 
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Figure 1. Habitat preferences shown by G. maculatus for water velocity and depth 
in two New Zealand streams (left plots: a tributary of the Mokau River; right plots: 
the Whakapipi Stream). The plots shown for the Mokau are for data from two 
months – December (dash-dot line) and January (dashed line). Graphs from 
Jowett (2002). 
 
Spawning habitat 
G. maculatus spawn in vegetation along estuarine margins of estuaries (McDowall 1996, 
Charteris 2002), with spawning observed in a wide range of estuary sizes in Tasmania 
(Fulton and Pavuk 1988, Davies unpub. obs.). Spawning is observed close to the upper 
limit of the salt wedge (e.g. generally within 100 m of the upper extent of saline water in 
smaller NZ rivers, Taylor 2002). Spawning is tide-dependent, with egg laying and 
hatching dependent on access to vegetation under high (new or full moon) autumn tides. 
Any changes to riverine or tidal flows which affect access to marginal vegetation is likely 
to have effects on spawning success. The presence of tide gates in New Zealand rivers 
has can eliminate spawning (Taylor 2002). 
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4.2 Galaxias brevipinnis 
G. brevipinnis (the climbing Galaxias) is widespread in Tasmania, with the highest 
densities occurring in the western river drainages, or in upland lakes and associated 
drainages of the Central Plateau and nearby western mountains. Isolated populations may 
occur upstream of waterfalls (e.g. Snug River, Lake Surprise) or associated with lakes, 
while the majority of populations appear to be dependent on recruitment from upstream 
migrations following immigration of juveniles from the sea. Juveniles are able to climb 
high natural or artificial barriers, with occasional large such movements observed at 
barriers close to (within 10 km of) the sea. The species is common down to sea level in 
the absence of trout, but often restricted to headwaters above barriers in drainages where 
trout are abundant (Davies pers. obs., McDowall and Fulton 1996). 
 
The species feeds on aquatic macroinvertebrates, is often cryptic in open canopy streams, 
but observed in open water in western Tasmanian streams with dense riparian canopies 
(Hamr, Davies per. obs.), but has been observed to shoal in Victorian streams with 
relatively high population densities (O’Connor and Koehn 1998). Spawning occurs in 
autumn-winter, with eggs observed along stream margins and in riparian litter following 
floods (O’Connor and Koehn 1998). Adults have been recorded to 20 to 28 years of age 
in western Tasmanian streams, by otolith analysis (Davies et al. 1996). 
 
Migratory requirements 
Post-hatching larvae are swept downstream to tidal and coastal waters. O’Connor and 
Koehn (1998) believe a significant flood is required to facilitate downstream transport to 
the sea.  
 
Post-larval juvenile migrate into river mouths in spring, accompanying the ‘whitebait’ 
migration of G. maculatus and G. truttaceus. These migrations are believed to be 
triggered by a flood event, with upstream movement occurring on the falling flood limb. 
Sloane (1984) observed upstream movement of juvenile G. brevipinnis in November in 
the Plenty River Tasmania, accompanying G. maculatus and G. truttaceus. 
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Upstream dispersal through the drainage and recruitment to upper elevation populations 
is thought to occur slowly and intermittently. Moffat (1986) reports burst and sustained 
swimming speeds of G. brevipinnis. 
 
Instream rearing habitat 
Richardson & Jowett (1995) found that adult G. brevipinnis (c.100–180 mm FL) were 
most abundant in cascades and riffles with a median velocity of 0.61 m/s, and that the 
species preferred high velocity water with no upper limit observed. It was not known 
whether these locations were refuges or feeding habitat. 
 
Spawning habitat 
Allibone and Caskey (2000) and O’Connor and Koehn (1998) provide detailed 
descriptions of the autumn spawning of G. brevipinnis, the latter in coastal streams of the 
Otway ranges, Victoria. Spawning occurred on stream and riparian substrates, and was 
mostly complete by early May. Eggs were observed on damp cobble-pebble substrates 
(and not on woody debris, litter of riparian vegetation) along riffle edges generally within 
1 m of baseflow levels but up to 7 m from the channel edge, remaining for 30 to 60 days 
and hatching only when next wetted by a flood. Laboratory trials indicate that riparian 
shade is a key factoring egg survival to hatching, and that eggs require agitation as a 
hatching trigger. 
 
O’Connor and Koehn (1998) suggest that a series of early winter flood flows re require to 
initiate spawning, hatching and downstream larval transport, while spring floods are 
require to trigger upstream migration by juveniles. G. brevipinnis larvae have been 
recorded moving downstream in March-May (McDowall & Suren 1995, Charteris and 
Ritchie 2002). 
 
4.3 Galaxias truttaceus 
G. truttaceus is widespread and common in Tasmanian river systems, with population 
density being highest in the lower ends of coastal river systems, and in with lakes and 
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associated drainage of the central plateau. Often associated with cover and pool habitats 
(McDowall and Fulton 1996), spawning in autumn. Spawning habitat has yet to be 
described, but is believed to be similar to that of G. maculatus. Downstream migrations 
of mature adults have been observed in autumn, and local migrations occur within lakes. 
Juveniles migrate into river mouths in spring (August – November) as part of the 
’whitebait’ migration. Adults have been aged to 5+ years (Davies and Kalish unpub. 
data). The species varies in life history and morphology (e.g. numbers of vertebrae and 
gill rakers) between lowland and upland populations in Tasmania (Humphries 1989, 
1990).  
Migratory requirements 
As for G. maculatus. Upstream movements have been recorded in the Plenty River by 
Sloane (1984) in November, and the species was recorded as a significant component in 
whitebait turns in northern, western and southern Tasmanian (Fulton and Pavuk 1988). 
Walker (1999) measured maximum sustained and burst swimming speeds for average 
size adult G. truttaceus as 0.31 and 0.43 m/s respectively.  
Instream rearing habitat 
G. truttaceus has been reported to preferentially occupy covered positions in low velocity 
stream sites, especially in pools, with cover provided by coarse substrate (e.g. cobbles 
and boulders), woody debris and overhanging vegetation (Lake and Fulton 1981, 
Humphries and White 1989, Fulton 1990). Ault and White (1994) observed that G. 
truttaceus shows a distinct preference for low velocity over high velocity sites in 
Tasmanian streams. There were no significant preferences for substrate size of instream 
vegetation cover. However, medium and larger fish selected deeper, covered stream 
sections, and preferred high levels of cover and detrital substrate. Small (< 85 mm TL) 
fish preferred shallower more open sites with coarser substrate. Ault and White (1994) 
suggested that selection for cover (woody debris for adults, coarser substrates for 
juveniles) is a response to avian predation.  
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Spawning habitat 
Adults migrate prior to spawning which peaks in autumn-early winter (McDowall and 
Fulton 1996), during April and May (Morgan 2003). Migration in streams is believed to 
be downstream (McDowall and Fulton 1996, Davies unpub. obs. Sandy Bay Rt 
Tasmania), but upstream migrations have been observed within and into inflowing 
streams for lake populations (Sloane pers. comm., Morgan 2003) and migrations within 
lakes have been observed (Humphries 1989). The spawning habitat for G. truttaceus is 
unknown in streams, and spawning has not been observed to date. 
 
4.4 Other galaxiids, Neochanna and Paragalaxiid species 
Knowledge of habitat requirements for riverine galaxiids in Tasmania is severely limited. 
All Tasmanian paragalaxiids, and three of the ten Tasmanian galaxiid species are 
lacustrine. G. parvus, Galaxiella pusilla and Neochanna cleaveri (the Tasmanian 
mudfish, formerly Galaxias cleaveri) are predominantly wetland species, though the 
latter has a whitebait stage. The remaining two species, both listed under the Tasmanian 
Threatened Species Protection Act (TSPA 1995), occur in small stream systems – G. 
johnstoni is partially riverine and restricted to small montane streams linked to lake 
systems, G. fontanus is known from a number of small sub-catchments in the Swan and 
Macquarie river drainages. Both species are believed to have their distributions restricted 
due to the impact of brown trout introductions. G. fontanus is restricted to low order 
drainage sub-catchments. It is a riverine species with no marine life stage. It spawns in 
spring, and both juveniles and adults are observed to shoal, with a preference for pool 
habitat. No specific flow cues are reported for spawning to occur. 
 
4.5 Australian Grayling 
The grayling (Prototroctes maraena) is a listed, threatened species (classed as vulnerable 
under the TSPA 1995, and the federal EPBC Act 1999). It was formerly abundant and 
widespread in Tasmania, and is now believed to be widespread but with low to very low 
population densities. It is a riverine species occurring in larger order sections of coastal 
river drainages, generally below 200 m (though recorded up to 1000 m in Victoria). More 
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abundant in northern and eastern rivers, with occasional occurrences in western and 
southern drainages.  
 
Migratory requirements 
Larvae drift to the sea, and juveniles return as part of the whitebait run (Fulton and Pavuk 
1988, McDowall and Fulton 1996). Instream barriers may eliminate populations 
upstream. 
 
Instream rearing habitat 
Most common in clearer, gravel-cobble bed streams and can be occasionally locally 
abundance in reaches within 10 km of the tidal limit (Jackson and Koehn 1988). Adults 
shoal in open water. Feeding is predominantly on aquatic algae and insects.  
 
Spawning habitat 
Spawning occurs in autumn (April-May). Egg development and spawning are believed to 
be triggered by a decline in water temperature (to ca. 13 deg C). Spawning failures in the 
Barwon River, Victoria, are believed to be related to the absence of high flow events due 
to river regulation, in June (O’Connor and Mahoney 2004). These authors, along with 
Jackson and Koehn (1988) and Hall and Harrington (1989), believe that a winter flood 
event and/or substantially raised baseflows is required for successful spawning to occur. 
The spawning habitat is unknown. 
 
4.6 Eels 
Two species of eel are known from Tasmania, the shortfin eel (Anguilla australis) and the 
longfin eel (Anguilla reinhardtii). Shortfin eels are widespread and common at all 
elevations, including upland lakes and associated drainages (Fulton 1990). Longfin eels 
are restricted to north eastern river and wetland systems, though specimens are recorded 
from the Tamar and Prosser rivers (Sloane 1984c). Both species are migratory, spawning 
in tropical waters, and migrating as leptocephalous larvae down the eastern Australian 
coast, metamorphosing into glass eels and elvers as they enter coastal waters and 
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estuaries. Elvers migrate upstream, with the majority of the life span spent in freshwaters, 
with spawning and downstream migration occurring typically between 10 and 35 years of 
age. 
 
Migratory requirement 
Elver migration 
Glass eels and pigmented elvers migrate into estuary and tidal river mouths, with elvers 
having marked annual peaks in upstream movement into freshwater. Day length, water 
temperature and river flow may all contribute to the initiation and control of elver 
migrations (Sloane 1984, 1984a). Elver immigration and upstream movement is linked to 
both moon phase and the occurrence of flood peaks (Sloane 1984a, b). 
Upstream migration 
Upstream migration of elvers and sub-adult eels tends to be seasonal with peak 
migrations in spring – early summer (Sloane 1984a, b). Movement upstream continues 
with age, with older eels tending to be found higher in drainage networks, their upstream 
movement being associated with flood events and falling levels after flood peaks (Sloane 
1984a).  
Downstream migration 
Sloane (1984c) found a significant positive correlation between trap catch of downstream 
migrating eels and water temperature, and temperatures above 12 deg C were associated 
with eel migration in the Clyde River. Peak downstream migration occurred during 
January and coincided with the highest record of mean daily water temperature (20.5 deg 
C). Trap catch rates were not influenced by moon phase or river flow, though flood and 
release events were associated with the commencement of peak migration. 
 
Boubee et al. 2001 observed downstream migrations of adult shortfin eels in New 
Zealand, which occurred on a few nights each autumn. Migrations began when water 
temperatures declined and ceased when temperatures fell below ca. 11 deg C. A rise in 
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streamflow is a key factor required to initiate migration events (Sloane 1984c, Boubee et 
al. 2001, Sloane unpub. obs.). 
 
Instream rearing habitat 
Koehn et al. (1994) observed selection by shortfin eels of woody debris in Victorian 
streams, with a strong preference for log-jams, and with younger eels selecting fine 
substrates (sand, gravel and pebbles). Cover is a major determinant of shortfin or longfin 
eel abundance within stream reaches, provided by either woody debris, marginal 
vegetation, undercut banks or bankside grasses (Glova et al. 1998, Koehn et al. 1994, 
Jellyman and Sykes 2003).  
 
Jellyman and Sykes (2003) observed that both shortfin and  longfin eels were active at  
night and on every night of their study in two New Zealand river systems. In both 
streams, eel movement was almost exclusively associated with the river bank, and few 
cross-channel movements were recorded. Shortfin eels were most commonly found in 
runs, and  longfin eels in riffles. 
 
Jowett et al. (1996) determined habitat use by  longfin eels in New Zealand streams (Grey 
River and tributaries) and observed a slight preference for water depths < 0.2 m but with 
little preference for particular substrate sizes. 
 
Jowett and Richardson (1995) observed that optimum depths for both shortfin and  
longfin eels were less than 10 cm, across a range of rivers in south and north island New 
Zealand. Neither species showed a preference for particular water velocities, though 
shortfin eels are less abundant at velocities > 1.0 m/s and show a preference for fine 
substrates (sands and gravels), while longfin eels preferred coarser gravels and cobbles. 
These authors provide habitat preference curves for both eels species for depth, substrate 
and velocity. Jowett and Richardson (1994) also show that shortfin eels do not 
significantly change their habitat selection for depth and velocity during floods. 
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Sloane (1984a) observed a decline in abundance of  longfin eels upstream in Tasmanian 
rivers, which they suggested was due to avoidance response to cooler upstream waters. 
 
4.7 Lampreys 
Most lampreys have a similar life cycle (Potter et al. 1986, Maitland & Campbell 1992) – 
adults migrate upstream into rivers to reach stony or gravelly spawning areas in flowing 
water. They spawn in pairs or groups, laying eggs in depressions often under a large 
stone, log or vegetation, created by lifting away small stones with their suckers. The nest 
may also be in the open in shallow water, and spawning adults are vulnerable to 
predators.  
 
Two species of lampreys are found in Tasmania, the pouched lamprey, Geotria australis, 
and the shortheaded lamprey, Mordacia mordax (Fulton 1990). Both are migratory 
species, spending their adult life predominantly at sea, and migrating into the lower 
reaches of rivers to spawn (Potter et al. 1986). Adults do not feed in freshwater and die 
shortly after spawning. Larval lampreys (ammocoetes) live in freshwater for around three 
or four years (for short head and pouched lampreys respectively) before metamorphosing 
in December-February (to velasia) and migrating some six months later during winter-
spring downstream to the sea. Both species are widespread in Tasmania, and locally, the 
abundance of ammocoetes, can be high in the lower reaches of northern and eastern rivers 
(Fulton 1990, Davies and Fulton unpub. obs.). Upstream spawning migrations were 
observed to be stimulated by increased flows but stopped by large floods in New Zealand 
(Jellyman et al. 2001). 
 
Migratory requirements 
Downstream migration of sub-adults to the sea may be partially dependent on a flood 
trigger, since downstream migrations are delayed in low flow years (Potter 1986).  
 
Adult spawning migrations into rivers occur in spring for both species, with most 
movement at night (Sloane 1984). Adults are known to burrow into instream sands and 
silts in daytime during the migration period. Sloane (1984) observed upstream movement 
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of lampreys in the Plenty River, with separate migrations for G. australis and M. mordax 
occurring in September-October and November-December, respectively. High flows 
were associated with upstream movement of G. australis. Movement of M. mordax was 
not associated with peaks in river flow, but peaked when temperatures reached 13 – 15 
deg C).  
 
Instream rearing habitat 
Ammocoetes of both species spend several years in freshwater before metamorphosing 
and migrating to sea. The primary habitat is sand-silt deposits in channel margins, in 
areas of low water velocity, typically in lowland higher order stream reaches in run 
habitats (Potter et al. 1986, Kelso and Todd 1993, Jellyman and Glova 2002). Jellyman 
and Glova (2002) observed that ammocoetes had strong associations with shallow and 
low velocities, and fine substrates (see Figure 2). Marked preferences were shown for 
depths > 0.3 m, velocities < 0.05 m/s, and substrates of < 1 mm size. Very few 
ammocoetes were observed in substrates of mean diameter > 2 mm.  
 
Jowett et al. (1996) observed peak lamprey ammocoete abundances in New Zealand river 
sites with velocities < 0.15 m/s and substrate sizes < 30 mm. Koehn et al. (1994) 
observed an association between large logs and higher Mordacia mordax ammocoete 
abundance in smaller Victorian streams, which they ascribed to the presence of sand-silt 
deposits in pool features associated with the logs. 
 
Spawning habitat 
Spawning occurs in spring-summer and may continue throughout the year (Potter et al. 
1986). Spawning for Geotria australis occurs in spring of the year following upstream 
migration. However, spawning has not been observed in south-eastern Australia and 
details of the spawning habitat requirements are unknown.  
 
Adult Geotria australis lampreys are generally associated with bankside debris cover in 
New Zealand rivers (Jellyman et al. 2001). 
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 Figure 2. Frequency of use of  water depths, velocities and substrate size of 
Geotria australis ammocoetes (Matura River New Zealand, from Jellyman and 
Glova 2002). 
 
 
4.8 The Sandy 
The sandy, or congolli, roach or tupong (Pseudaphritis urvillii) is a common, widespread 
and locally abundant species found in all Tasmanian river systems, particularly those in 
the north, east and south. Populations are observed at up to 30 km inland, though 
abundances are highest closer to the coast. Adults migrate downstream to estuaries to 
spawn in autumn-winter (Hortle 1979, Andrews 1996), and juveniles are most abundant 
in near-coastal reaches. 
 
Migratory requirements 
While a downstream migration is known to occur, the conditions required to trigger it are 
unknown. Age distributions, with older fish being found further upstream, also indicate 
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that the spawning migration is followed by  return movement upstream of post-spawning 
adults. Juveniles have been observed moving upstream in lowland river reaches in spring 
(Fulton 1990). Sloane (1984) observed upstream movement of sandies (the ages were not 
reported) peaking in January during period of reduced river discharge. 
 
Instream barriers to upstream migration may pose a risk to local populations. Walker 
(1999) measured swimming speeds for P. urvillii and determined maximum sustained 
and burst speeds for average size individuals as 0.43 and 0.56 m/s, with a slight negative 
relationship between burst speed, time to fatigue and fish length. These speeds were not 
significantly different to average stream brown trout tested under the same conditions, 
implying that fish passage conditions may be similar for the two species. 
 
Instream rearing habitat 
Sandies are most abundant in slow flowing reaches with sand/silt and/or organic deposits 
(Hortle 1979, Andrews 1996), but are also observed in abundance in gravel-cobble 
reaches of larger rivers. 
 
Spawning habitat 
Unknown. 
 
5. Non-migratory species 
5.1 Blackfish 
Blackfish (Gadopsis marmoratus) is common and widespread in northern (north west to 
north eastern) Tasmanian drainages, including the Arthur and Anson River systems, 
particularly at lower elevations and in higher stream orders (Davies 1989, Fulton 1990, 
Jackson et al. 1986). It is a non-migratory, nocturnal feeder. It has also been introduced 
into the drainages of the Huon, Derwent rivers, the Strahan area. Its status in the South 
Esk Basin is uncertain, as it occurs infrequently throughout the lower sections of the main 
river systems, but is locally abundant in the Meander River. 
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Migratory requirements 
While blackfish do show a degree of local movement (Koehn et al. 1994), this species is 
not migratory, with its entire life history spent in freshwater. 
 
Instream rearing habitat 
Adult blackfish are known to prefer deeper, pool habitats associated with snags (Jackson 
1978). High silt loads and silt deposition are believed to be a cause of local or regional 
decline (mainly though impacts on egg survival, Fulton and McDowall 1996). There is a 
strong association between population abundance and the presence of cover, particularly 
snags (Davies 1989). Juveniles select litter and leaf-packs in margins of runs and pools.  
 
Koehn (1986) describes habitat preferences for adult riverine blackfish, and provides 
habitat preference distributions for depth, velocity and substrate composition (Figure 3), 
although from a limited data set. Water velocities < 0.2 m/s are preferred by all blackfish 
size classes (Koehn 1986), and adults are recorded as preferring deeper water (> 1 m) 
than juveniles. Habitat preferences overlap with brown trout, and a high degree of 
sympatry exists at the site scale.  
 
Large blackfish (> 5 mm FL) were found to avoid depths < 20 cm, while smaller fish are 
found at depths between 10 and 30 cm (Koehn et al. 1994). Small blackfish (< 55 mm 
FL) use undercut banks and low density woody debris, while large fish prefer high 
density woody debris (55 – 150 mm FL) and log jams (>150 mm FL). 
 
Spawning habitat 
Spawning occurs in spring to early summer, when water temperatures are above 16 deg C 
(Jackson 1978). Spawning generally occurs in hollow logs with low water velocity (< 10 
cm/s), mainly in pools. Spawning sites are usually associated with high cover of either 
woody debris or boulders. Koehn et al. (1994) suggest that spawning and rearing sites 
have the same habitat characteristics, i.e. adult blackfish use day-time rearing locations 
for spawning. No specific flow cues are reported for spawning to occur, with temperature 
and habitat type being the primary factors. 
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 Figure 3. Habitat preference curves for blackfish adults for mean water column 
velocity, depth and substrate (1 = aquatic vegetation, 2 = silt, 3 =sand, 4 = gravel, 5 
= pebbles, 46 = cobble, 7 = boulders, 8 = bedrock), derived from Koehn (1992) by 
Davies and Humphries (1995). 
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5.2 Pygmy perch 
The pygmy perch (Nannoperca fluviatilis) is locally abundant and widespread in northern 
Tasmania, in slow flowing river margins, often associated with macrophytes, or vegetated 
wetlands (Kuiter et al. 1996).  
  
Migratory requirements 
None known, not migratory. 
Instream rearing habitat 
Strong preference for slow flowing streams with dense vegetated cover, and very low 
abundance or rare occurrence in open water or high velocities (> 0.2 m/s). Kuiter et al. 
(1996) call for ensuring water levels are managed to protect aquatic plant habitats in both 
rivers and wetlands. 
Spawning habitat 
Pygmy perch reach sexual maturity in their first year, when males are about 30 mm and 
females about 33 mm long (Llewellyn 1974). Breeding occurs in spring-summer 
(September to January) in response to rising water temperature. Females produce from 
several hundred to thousand eggs, scattered over vegetation or rocks and non-adhesive. 
Some risk to eggs from unseasonal high flow events.  
 
 
6. Brown trout 
Brown trout (Salmo trutta) are widespread and common in Tasmania, being abundant in 
all major drainages except the far south-west (Fulton 1990, Davies 1989, French 2002). 
Nearly all riverine and lake populations are self-sustaining, and have been since the 
intensive phase of introduction of the species between the late 1800’s and mid 1900’s. 
Only a portion of coastal riverine populations is strictly migratory, typically known as 
‘sea trout’ in their adult form. 
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Migratory requirements 
A portion of most larger river drainage brown trout populations migrate seaward at 1-2 
years of age (as ‘parr’), and return as ‘smolt’ or ‘finnock’ at ages 2-3.  Local migrations 
occur of riverine brown trout to suitable spawning locations either upstream in the 
mainstem or into inflowing tributaries (Davies and Sloane 1987, 1988), typically in 
autumn (March – May). These are also followed by return downstream movements of 
post-spawning adults. Juveniles (> 0+) are known to be highly dispersive, typically 
moving downstream from upper sub-catchments with age. Trout age/size tends to 
decrease downstream through a catchment (e.g. Davies 1994).  
 
Jackson (1980) reported on local movement and home range sizes of riverine brown trout 
in the Aberfeldy river, Victoria.. Most movements were small, indicating small home 
ranges for the majority of adult trout between spawning seasons. 
 
Instream rearing habitat 
Brown trout have markedly different instream habitat requirements for different life 
stages. Post emergent fry select very shallow, often marginal habitat in either riffles or 
channel edges, sometimes associated with vegetation cover or cobbles. Young of the year 
move to slightly deeper, faster water in mid-channel, typically in riffles. Juveniles occupy 
both riffle, run and occasionally pool habitats, usually at intermediate velocities and 
depth. Adults tend to occupy specific feeding positions, frequently in deeper water in 
pools and runs, and often associated with one or more features such as snag cover, 
boulders or large cobbles. These positions facilitate efficient energetics of feeding 
(Bachmann 1984). Bovee et al. (1986) and others (e.G. Raleigh et al. 1986, Lamouroux et 
al. 1999, Vismara et al. 2001) provide a range of habitat preference curves for brown 
trout in rivers, though most authors advocate developing local/regional data on habitat 
preferences. 
 
Davies (1994) has conducted the only assessment of riverine habitat requirements for 
brown trout in Tasmania to date. Trout abundance was correlated negatively with depth, 
and positively with velocity. Davies and Humphries (1995) also developed habitat 
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preference relationships for 0+ and YOY brown trout from South Esk basin and St 
Patricks River data. These clearly sow a shift from shallow depths, low velocities and 
finer substrates to greater depth, velocity and substrate sizes with age. 
 
Koehn et al. (1994) reported significant associations between brown trout and deeper 
water and low velocities, typically in pool habitats. Jowett et al. (1996) observed a lack of 
specific substrate, depth or velocity preference for adult trout in New Zealand streams, 
but brown trout were are in reaches with velocities < 0.15 m/s.  
 
Hubert et al. (1996) developed a multiple linear regression equation describing 40% of 
the variance in trout and habitat features from 166 stream reaches in Wyoming USA. Key 
variables included elevation, slope, channel width and cover, all of which were positively 
correlated with biomass. Like Davies (1989), their relationship contained interaction 
terms which were negatively correlated with biomass, constraining the relationship to 
intermediate elevations, slopes and channel dimensions. The latter was derived from 
observations of riparian vegetation. Fausch et al. (1998) had commented on the lack of 
generality in such relationships, partially due to regional variations in river characteristics 
(e.g. geomorphology, natural hydrology). 
 
Armstrong et al. (2003) provide a synopsis of habitat requirements of brown trout in 
streams, including data on depth, velocity requirements for rearing, spawning, nursery  
and migratory stages. 
 
Spawning habitat 
Spawning of brown trout occurs in March-May (Davies and Sloane 1988), with 
observations of later initiation of spawning in west coast rivers (Davies, Sloane unpub. 
obs.). In a study of brown trout in the St Patricks River system (Davies et al. 1988), 
Davies developed habitat preference curve data for spawning brown trout, based on field 
observations of spawning pairs and egg nests (redds). Spawning occurred preferentially 
on gravel patches, particularly in channel margins and bars, in shallow faster flowing 
water (< 0.5 m deep and > 0.3 m/s). Sustained baseflows are required to maintain water 
23 
over such redds and to reduce the risk of smothering with silts. Both dewatering and 
silting of redds have been shown to cause high levels of mortality of eggs and larvae, and 
severe reduction in subsequent recruitment (Becker et al. 1983, Reiser and White 1983). 
Low flows in spring (particularly September-October) therefore have a significant control 
on brown trout recruitment success (Davies 1992).  
 
A large quantity of data was collected on spawning habitat for brown trout at Great Lake 
by R Sloane, but this remains unpublished. 
 
Habitat requirements for spawning brown trout vary (e.g. Bovee 1986, Raleigh et al. 
1986), but are generally associated with gravel substrates, moderate to high water 
velocities (0.3 to 1 m/s) and shallow to moderate depths (0.2 to 0.5 m). Spawning is 
generally considered to be unsuccessful in cobble, boulder to sand and silt substrates. 
Pockets of gravel are the dominant spawning habitat in most Tasmania streams. 
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7. Summary of species information 
The following table (Table 1) summarises what are currently believed to be key flow 
requirements of Tasmanian freshwater fish species. Management of the flow regime 
cannot be divorced from appropriate management of physical, chemical and biological 
components of the aquatic ecosystem. 
 
Tasmanian native fish species require: 
• Rising flows and floods during autumn-winter to initiate movement, provide 
access to spawning habitat, trigger spawning behaviour, hatch eggs and disperse 
larvae; 
• Floods are required during spring-early summer to initiate upstream movement of 
several galaxiid species, and to trigger upstream spawning migrations of Lovettia 
sealii in river mouths, and to trigger downstream migrations of adult eels; 
• Low flows and warmer temperatures are required to facilitate upstream migration 
of several species; 
• Adequate baseflows in all seasons to provide suitable instream habitat including 
access to cover and river banks, and to maintain water quality, food production 
and refuge habitat; 
• Adequate flows and flow connectivity to maintain wetland habitats; 
• Adequate flows and connectivity to ensure passage of fish over both natural and 
man-made barriers. 
 
Flow conditions may also influence the degree of impact of alien species (e.g. brown 
trout) on native fish species (Closs and Lake 1996), a phenomenon observed in relation to 
threatened Tasmanian native fish such as Galaxias fontanus (Jean Jackson unpub. obs.). 
 
Instream barriers to upstream migration may pose a risk to local populations. Most 
Tasmanian species are migratory and are either limited in extent by natural barriers 
(Walker 1999) or locally threatened by human barriers. Sloane (1984) observed that the 
main upstream migrations of Galaxias maculatus, G. brevipinnis, G. truttaceus,. 
Mordacia mordax and Pseudaphritis urvillii all occurred in the months of November to 
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January. Seasonally low river flow during this period enhance may block migrations for 
these species at instream barriers. Evaluation of flow and passage requirements for native 
fish at natural and man-made barriers should be an integrated part of environmental flow 
management. 
 
As shown in this review, the literature describing habitat requirements for most 
Tasmanian fish is limited, and does not provide information specific river flows or flood 
regimes of individual fish species or assemblages. This is not surprising, due to the high 
variability in the physical nature and hydrology of river systems and the plasticity of fish 
responses to environmental conditions.  
 
Baseflows for maintenance of habitat area, habitat quality, food resources, cover and 
refuge habitat for fish species cannot be done without field assessment and reach-scale 
data on habitat structure, hydrology and hydraulics. 
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Table 1. Flow requirements for Tasmanian native fish species and brown trout. 
Species Baseflow High flow/flood Other
All species 1. Maintain habitat for benthic invertebrate food production. 1. Flood events required to maintain habitat for benthic invertebrate food production.
2. Maintain flows to reduce risk of high temperatures and low DO during summer.
3. Maintain baseflows to secure minimal habitat area/volume for each life stage.
4. Maintain natural seasonal pattern of baseflow amplitude..
Galaxias maculatus 1. Maintain feeding habitat areas with velocities < 0.15 m/s and depths between 0.2 and 0.4 m. 1. Spring flood events to stimulate whitebait migration. 1. Maintain flows below burst swimming maximum at barriers to passa
 2. Autumn high flow to trigger downstream spawning movement 2. Minimise barriers to tidal movement in upper estuary in April-May.
3. See Jowett (1992) for preference curves.
Galaxias brevipinnis 1. Maintain feeding habitat areas with variety of velocities > 0.5 m/s where possible. 1. As for G. maculatus 1. Maintain flows wetted surfaces over instream barriers close to the sea
2. Autumn floods (minimum of two during April-June) to trigger spawning, egg 
hatching and facilitate downstream movement of larvae
Galaxias truttaceus 1. Maintain feeding habitat areas with velocities < 0.2 m/s and depths > 0.5 m. 1. As for G. maculatus 1. As for G. maculatus
2. Maintain baseflows to ensure availability of inundated cover habitat, especially in 
pools, for protection from bird/trout predation. 2. As for G. maculatus. 2. As for G. maculatus.
Other galaxiids, 
Neochanna and 
Paragalaxiid species
1. Maintain access to wetland habitat, and maintain water egime to protect wetland 
habitat (e.g. macrophytes). 1. For Neochanna - as for G. maculatus 1. Ensure adequate flows and access (structures) at potential barriers.
Australian Grayling 1. Late autumn -winter floods (minimum of two during April-June) to trigger egg development and spawning. 1. Ensure adequate flows and access (structures) at potential barriers.
Blackfish 1. Maintain feeding/spawning habitat areas with velocities < 0.2 m/s and areas with depth > 1 m.
1. Ensure flows are managed to ensure temperatures > 16 degC by late
spawning.
2. Maintain baseflows to ensure availability of inundated woody debris and snag/log 
jam habitat, especially in pools. 2. See Koehn (1992) and O'Connor and Koehn (1996) for preference c
Eels 1. Maintain feeding/rearing habitat areas with velocities < 1 m/s. 1. Spring flood events to stimulate elver and juvenile eel upstream migrations. 1. Summer-autumn flows (e.g. releases or takes) are managed to ensure> 11 degC before late autumn to aid downstream migration.
2. Maintain baseflows to ensure inundation of channel margin silt/sand substrates, 
and bank cover (woody debris etc).  2. Spring-summer high flow to trigger downstream spawning migration.
Lampreys 1. Maintain habitat areas with depths > 0.3 m, velocities < 0.05 m/s, and substrates of < 1 mm size 1. Spring flood events to stimulate downstream juvenile migrations. 1. Ensure adequate flows and access (structures) at potential barriers.
2. See Jellyman and Glova (2002) for preference curves.
Sandy 1. Maintain slow flowing reaches with sand/silt and/or organic deposits 1. Ensure adequate flows, below maxium burst speed, and access (structupotential barriers.
Pygmy perch 1. Minimise short term and rapid fluctuations in water level, to protect habitat along channel margins.
1. Winter-spring flood events to stimulate disturbance and development of 
macrophyte habitat.
2. Maintain baseflows to ensure inundation of channel margin macrophyte habitats.
Brown trout 1. Maintain baseflows over gravel bars during winter-spring, especially September-mid October, to protect redds and recruitment.
1. At least two autumn flood events to stimulate migration to spawning areas and 
spawning activity. 1. Ensure adequate flows and access (structures) at potential barriers.
2. Raise baseflows over gravel bars during May-early June, to initiate and comlete 
spawning.
2. See Bovee (1986) Raleigh et al. (1986), Davies and Humphries (1995
preference curves for fry, YOY, juveniles, adultsand spawning
8. References 
Allibone RM & Caskey D 2000. Timing and Habitat of Koaro (Galaxias brevipinnis) 
spawning in Streams draining Mt Taranaki, New Zealand. New Zealand Journal of 
Marine and Freshwater Research 34: 597 - 613  
 
Armstrong JD, Kemp PS, Kennedy GJA, Ladle M and Milner NJ 2003. Habitat 
requirements of Atlantic salmon and brown trout in rivers and streams. Fisheries 
Research 62: 143 – 170. 
 
Ault TR & White, RW 1004. Effects of Habitat Structure and the Presence of Brown 
Trout of the Population-Density of Galaxias truttaceus in Tasmania, Australia. 
Transactions of the American Fisheries Society 123: 939 - 949 
 
Baker CF 2003. Effect of Fall Height and Notch Shape of the Passage of Inanga 
(Galaxias maculatus) and Common Bullies (Gobiomorphus cotidianus) Over an 
Experimental Weir. New Zealand Journal of Marine and Freshwater Research 37: 283 - 
290 
 
Becker CD, Neitzel DA & Abernethy CS 1983.  Effects of dewatering of Chinook 
salmon redds:  Tolerance of four development phases to one - time dewatering.  North 
American Journal of Fisheries Management 3: 373 - 382 
 
Boubee JA, Mitchell CP, Chisnall BL, West DW, Bowman EJ & Haro a 2001. Factors 
regulating the downstream migration of mature eels (Anguilla sp.) at Aniwhenua Dam, 
Bay of Plenty, New Zealand. New Zealand Journal of Marine and Freshwater Research 
35: 121 - 134 
 
Bovee K 1986. Development and evaluation of habitat suitability criteria for use in the 
Instream Flow Incremental Methodology. Instream Flow Information Paper 21, 
Biological report 86 (7), US Fish and Wildlife Service, Colorado 
 
Charteris SC 2002. Spawning, egg development and recruitment of diadromous galaxiids 
in Taranaki, New Zealand. Unpublished MSc thesis, Massey University, Palmerston 
North, New Zealand. 
 
Closs GP & Lake PS 1996. Drought,  Differential Mortality and the Coexistence of a 
Native and an Introduced Fish Species in a South East Australian Intermittent Stream. 
Environmental Biology of Fishes 47: 17 – 26 
 
Connell JH 1978. Diversity in tropical rain forests and coral reefs. Science 199: 1302 - 
1310 
 
Davies PE 1989. Relationships Between Habitat Characteristics and Population 
Abundance For Brown Trout, Salmo trutta L., and Blackfish, Gadopsis marmoratus 
Rich., in Tasmanian Streams. Australian Journal of Marine and Freshwater Research 40: 
341 - 359 
28 
 
Davies PE, 1992. Temporal and spatial variability in stream brown trout recruitment in 
Tasmania  -  the effects of hydrology. Australian Society For Fish Biology Workshop. 
Recruitment Processes. Hobart, 21 August 1991. Australian Government Publishing 
Service, Canberra, N.S.W. (Australia), P. 101, Proceedings of Bureau of Rural Resources 
(Aust.), No. 16 
 
Davies PE, Mitchell N & Barmuta LE 1996. the impact of historical mining operations at 
Mount Lyell of the water quality and biological health of the King and Queen River 
catchments, western Tasmania, Mount Lyell Remediation R&D Program, Supervising 
Scientist Report 118, Office of the Supervising Scientist, Barton ACT 
 
Davies PE & Sloane RD 1987. Characteristics of the spawning migrations of brown trout, 
Salmo trutta L., and rainbow trout, S. gairdneri Richardson, in Great Lake, Tasmania. 
Journal of Fish Biology 31: 353 – 373 
 
Davies PE & Sloane RD 1988. Long - term changes in brown trout and rainbow trout 
populations in Great Lake, Tasmania. North American Journal of Fisheries Management 
8: 463 - 474 
 
Davies PE, Sloane RD & Andrew J 1988. the effects of hydrological change and the 
cessation of stocking of a stream population of Salmo trutta L. Australian Journal of 
Marine and Freshwater Research 39: 337 - 354 
 
Fausch KD, Hawkes CVL & Parsons MG 1988. Models that predict standing crop of 
stream fish from habitat variables:  1950 – 1985. USDA Forest Service General 
Technical Report PNW - 213 
 
French G 1997. Tasmanian Trout Waters. FlyLife, Hobart Tasmania. 336 pp. 
 
Fulton W 1990. Tasmanian Freshwater Fishes. Fauna of Tasmania Handbook No. 7. 
University of Tasmania 80 pp 
 
Gehrke PC, Astles KL & Harris, JH 1999. Within-Catchment Effects of Flow Alteration 
of Fish Assemblages in the Hawkesbury-Nepean River System, Australia. Regulated 
Rivers: Research & Management 15(1-3): 181-198 
 
Gehrke PC, Brown P, Schiller CB, Moffatt DB & Bruce AM 1995. River Regulation and 
Fish Communities in the Murray-Darling River System, Australia. Regulated Rivers-
Research & Management 11: 363 - 375 
 
Gehrke PC, Gilligan DM & Barwick M 2002. Changes in Fish Communities of the 
Shoalhaven River 20 Years After Construction of Tallowa Dam, Australia. River 
Research and Applications 18: 265 - 286  
 
29 
Gehrke PC & Harris JH 2000. Large - scale patterns in species richness and composition 
of temperate riverine fish communities, south - eastern Australia. Marine and Freshwater 
Research 51: 165 – 182 
 
Gehrke PC & Harris JH 2001. Regional-Scale Effects of Flow Regulation of Lowland 
Riverine Fish Communities in New South Wales, Australia. Regulated Rivers-Research 
& Management 17: 369 - 391 
 
Glova GJ, Jellyman DJ & Bonnett ML 1998. Factors associated with the distribution and 
habitat of eels (Anguilla spp.) in three New Zealand lowland streams. New Zealand 
Journal of Marine and Freshwater Research 32:  255 – 269 
 
Glova GJ, Jellyman DJ & Bonnett ML 2001. Spatiotemporal Variation in the Distribution 
of Eel (Anguilla spp.) Populations in Three New Zealand Lowland Streams, Ecology of 
Freshwater Fish 10: 147-153 
 
Grossman GD, Moyle PB and Whittaker JO 1982. Stochasticity in structural and 
functional characteristics of an Indiana stream fish assemblage: a test of community 
theory. American Naturalist 120: 423 – 454 
 
Hall DN & Harrington DJ 1989. Studies of the spawning and early life history of 
Australian grayling Prototroctes maraena Gunther in the Barwon River, Victoria. Arthur 
Rylah Institute of Environmental Research Technical Report 84, 31 pp. 
 
Harris JH 1984. Impoundments of coastal drainages of south-eastern Australia, and a 
review of its relevance to fish migrations. Australian Zoology 21: 235  -250. 
 
Heggenes J 1996. Habitat selection by brown trout (Salmo trutta) and young Atlantic 
Salmon (S. salar) in streams:  Static and dynamic hydraulic modeling. Regulated Rivers:  
Research and Management 12:  155 - 169 
 
Hortle ME 1979. the ecology of the sandy (Pseudaphritis urvillii) in south - east 
Tasmania.. Hons Thesis, University of Tasmania, Hobart 
 
Humphries P 1989. Variation in the life history of diadromous and landlocked 
populations of Galaxias truttaceus in Tasmania. Australian Journal of Marine and 
Freshwater Research 40: 501 - 518 
 
Humphries P 1990. Morphological variation in diadromous and landlocked populations 
of Galaxias truttaceus in Tasmania, south - eastern Australia. Environmental Biology of 
Fishes 27: 97 - 105 
 
Humphries P & Baldwin DS 2003. Drought and Aquatic Ecosystems: an Introduction. 
Freshwater Biology 48: 1141 - 1146 
 
30 
Humphries P, King AJ & Koehn JD 1999. Fish, Flows and Flood Plains: Links Between 
Freshwater Fishes and Their Environment in the Murray-Darling River System, 
Australia. Environmental Biology of Fishes 56 (1-2): 129 - 151 
 
Humphries P & Lake PS 2000. Fish Larvae and the Management of Regulated Rivers. 
Regulated Rivers: Research & Management 16 (5): 421 - 432 
 
Humphries P, Serafini, LG & King AJ 2002. River Regulation and Fish Larvae: Variation 
Through Space and Time. Freshwater Biology 47: 1307 - 1331 
 
Jackson PD 1978. Spawning and early development of the River Blackfish, Gadopsis 
marmoratus Richardson (Gadopsiformes:  Gadopsidae) in the McKenzie River, Victoria. 
Australian Journal of Marine and Freshwater Research 29: 293 - 298 
 
Jackson PD 1980 Movement and home range of brown trout, Salmo trutta Linnaeus, in 
the Aberfeldy river, Victoria. Australian Journal of Marine and Freshwater Research. 31, 
837 – 845. 
 
Jackson PD & Koehn JD 1988. a review of the biological information, distribution and 
status of the Australian grayling (Prototroctes maraena) Gunther in Victoria. Arthur 
Rylah Institute of Environmental Research Technical Report 52: 1 - 20 
 
Jellyman DJ, Glova GJ, & Sykes JRE 2001. Movements and habitats of adult lamprey 
(Geotria australis) in two New Zealand waterways. New Zealand Journal of Marine and 
Freshwater Research 36: 53–65 
 
Jellyman DJ & Lambert PW 2003. Factors Affecting Recruitment of Glass Eels Into the 
Grey River, New Zealand. Journal of Fish Biology 63: 1067 - 1079 
 
Jellyman DJ & Sykes JRE 2003. Diel and Seasonal Movements of Radio-Tagged 
Freshwater Eels, Anguilla spp., in Two New Zealand Streams. Environmental Biology of 
Fishes 66(2): 143 - 154 
 
Jowett IG & Richardson J 1994. Comparison of Habitat Use By Fish in Normal and 
Flooded River Conditions. New Zealand Journal of Marine and Freshwater Research 28: 
409 - 416 
 
Jowett IG & Richardson J 1995. Habitat Preferences of Common, Riverine New Zealand 
Native Fishes and Implications For Flow Management. New Zealand Journal of Marine 
and Freshwater Research 29: 13 - 23 
 
Jowett IG, Richardson J & McDowall RM 1996. Relative Effects of In-Stream Habitat 
and Land Use of Fish Distribution and Abundance in Tributaries of the Grey River, New 
Zealand. New Zealand Journal of Marine and Freshwater Research 30: 463 - 475 
 
31 
Jowett IG & Richardson J 2003. Fish Communities in New Zealand Rivers and Their 
Relationship To Environmental Variables. New Zealand Journal of Marine and 
Freshwater Research 37: 347 - 366 
 
Joy MK & Death RG 2004. Predictive Modelling and Spatial Mapping of Freshwater 
Fish and Decapod Assemblages Using GIS and Neural Networks. Freshwater Biology 
49(8): 1036 - 1052 
 
Joy MK & Death RG 2002. Predictive Modelling of Freshwater Fish As a Biomonitoring 
Tool in New Zealand. Freshwater Biology Volume 47: 2261 - 2275 
 
Kelso JRM & Todd PR 1993. Instream size segregation and density of Geotria australis 
ammocoetes in two New Zealand streams. Ecology of Freshwater Fish 2: 108 – 115 
 
King AJ, Humphries P & Lake PS 2003. Fish Recruitment of Floodplains: the Roles of 
Patterns of Flooding and Life History Characteristics. Canadian Journal of Fisheries and 
Aquatic Sciences 60: 773 - 786 
 
Koehn JD, O'Connor NA & Jackson PD 1994. Seasonal and Size-Related Variation in 
Microhabitat Use By a Southern Victorian Stream Fish Assemblage. Australian Journal 
of Marine & Freshwater Research 45: 1353 - 1366 
 
Kuiter RH, Humphries PA & Arthington AH. 1996. Family Nannopercidae  -  Pygmy 
Perches. pp.. 168 - 175 in McDowall RM. (Ed.), Freshwater Fishes of South - Eastern 
Australia (second edition). Reed Books, Sydney, 247 pp. 
 
Lake PS & Fulton W 1981. Observations of the Freshwater Fish of a Small Tasmanian 
Coastal Stream. Papers and Proceedings of the Royal Society of Tasmania 115: 163 - 172 
 
Lamouroux N, Capra H, Pouilly M & Souchon Y 1999. Fish habitat preferences in large 
streams of southern France. Freshwater Biology 42: 673 
 
Llewellyn LC 1974. Spawning, development and distribution of the southern pygmy 
perch, Nannoperca australis australis Günther, from inland waters in eastern Australia. 
Australian Journal of Marine and Freshwater Research 25: 121 - 149 
 
Loneragan NR & Bunn SE 1999. River Flows and Estuarine Ecosystems: Implications 
For Coastal Fisheries From a Review and a Case Study of the Logan River, Southeast 
Queensland. Australian Journal of Ecology 24: 431 - 440 
 
McDonald J 2002. Improvement of native fish passage at road culverts. Honours thesis, 
School of Zoology, University of Tasmania, Hobart. 
 
McDowall RM 2002. Accumulating Evidence For a Dispersal Biogeography of Southern 
Cool Temperate Freshwater Fishes. Journal of Biogeography 29: 207 - 219 
 
32 
McDowall R & Fulton W 1996. Family Galaxiidae. Chapter 10 in:  McDowall RM. 
(Ed.), Freshwater Fishes of South - Eastern Australia (second edition). Reed Books, 
Sydney, 247 pp. 
 
McDowall RM & Suren AM 1995. Emigrating larvae of koaro, Galaxias brevipinnis 
Günther (Teleostei:  Galaxiidae), from the Otira River, New Zealand. New Zealand 
Journal of Marine and Freshwater Research 29: 271–275 
 
McDowall RM & Taylor MJ 2000. Environmental Indicators of  Habitat Quality in a 
Migratory Freshwater Fish Fauna. Environmental Management Volume 25: 357 - 374 
 
Mitchell CP 1989. Swimming performances of some native freshwater fishes. New 
Zealand Journal of Marine and Freshwater Research. 23:  181 – 187. 
 
Moffat R 1986. a note of the swimming performance of two species of teleost fish, the 
tour, Salmo trutta, and the Koaro, Galaxias brevipinnis. Mauri Ora 13:  71 – 79 
 
Moffat D & Voller J 2002. Fish and Fish Habitat of the Queensland Murray-Darling 
Basin. Queensland Department of Primary Industries, Brisbane (Australia). Information 
Series  
 
 Morgan DL 2003. Distribution and biology of Galaxias truttaceus (Galaxiidae) in south 
- western Australia, including first evidence of parasitism of fishes in Western Australia 
by Ligula intestinalis (Cestoda). Environmental Biology of Fishes. 66: 155 - 167 
 
Morris SA, Pollard DA, Gehrke PC & Pogonoski JJ 2001. Threatened and Potentially 
Threatened Freshwater Fishes of Coastal New South Wales and the Murray-Darling 
Basin [Report To Fisheries Action Program and World Wide Fund For Nature].  NSW 
Fisheries, Cronulla. NSW Fisheries Final Report Series 33 
 
Nikora VI, Aberle J, Biggs BFJ, Jowett IG & Sykes JRE 2003. Effects of Fish Size, 
Time-To-Fatigue and Turbulence of Swimming Performance: a Case Study of Galaxias 
Maculatus. Journal of Fish Biology 63: 1365 - 1382 
 
O'Connor WG & Koehn, JD 1998. Spawning of the Broad-Finned Galaxias, Galaxias 
brevipinnis Gunther (Pisces :Galaxiidae) in Coastal Streams of Southeastern Australia. 
Ecology of Freshwater Fish 7: 95 - 100 
 
Potter IC, Hilliard RW & Neira FJ 1986. the biology of Australian lampreys. pp. 207 - 2 
30 In:  deDekker P and Williams WD (Eds.) Limnology in Australia. CSIRO, Melbourne 
Junk, Dordrecht. 
 
Potter IC, Hilliard RW, Bradley JS & McKay RJ 1986. the influence of environmental 
variables of the density of larval lampreys in different seasons. Oecologia 70: 433 – 440 
 
33 
Pusey BJ, Kennard MJ & Arthington AH 2000. Discharge Variability and the 
Development of Predictive Models Relating Stream Fish Assemblage Structure To 
Habitat in Northeastern Australia. Ecology of Freshwater Fish 9: 30 – 50 
 
Raleigh RF, Zuckerman LD & Nelson PC 1986. Habitat suitability index models and 
instream flow suitability curves:  Brown trout. US Fish and Wildlife Service, Biological 
report 82 (10.124). 65 pp. 
 
Reiser DW & White RG 1983. Effects of complete redd dewatering of Salmonid egg - 
hatching success and development of juveniles. Transactions of the American Fisheries 
Society  112: 532 - 540 
 
Sagar, PM 1993. Habitat use and models of abundance of maturing inanga in South 
Island rivers. Ministry of Agriculture and Fisheries. New Zealand Freshwater Fisheries 
Report 104. 29 pp. 
 
Sloane RD 1984A. Upstream migration by young pigmented freshwater eels (Anguilla 
australis australis Richardson) in Tasmania. Australian Journal of Marine and 
Freshwater Research. 35: 61 - 73 
 
Sloane RD 1984b. the upstream movements of fish in the Plenty River, Tasmania. Papers 
and Proceedings of the Royal Society of Tasmania. 118: 163 
 
Sloane RD 1984c. Preliminary observations of migrating adult freshwater eels (Anguilla 
australis australis Richardson) in Tasmania. Australian Journal of Marine and 
Freshwater Research. 35: 471 - 476 
 
Taylor MJ 2002. the national Inanga spawning database:  trends and implications for 
spawning site management. Science for Conservation report No. 188. Department of 
Conservation, Wellington,  New Zealand. 37 pp. 
 
Vismara R, Azzellino A, Bosi R, Crosa G & Gentili G 2001. Habitat suitability curves for 
brown trout (Salmo trutta fario L.) in the River Adda, Northern Italy:  comparing 
univariate and multivariate approaches. Regulated Rivers:  Research & Management 17: 
37 – 50 
 
Walker R 1999. Examination of barriers to movement of Tasmanian freshwater fish 
species.  Honours thesis, School of Zoology, University of Tasmania, Hobart. 
 
Waters JM, Dijkstra LH & Wallis GP 2000. Biogeography of a southern hemisphere 
freshwater fish:  how important is marine dispersal? Molecular Ecology 9: 1815 
 
 
34 
